INTRODUCTION
The study of how olfactory sensory neurons respond to stimuli presents a special challenge in honey bees compared with a number of species of moths (eg Kaissling and Priesner, 1970; Der Pers and Den Otter, 1978; Grant and O'Connell, 1986; van Der Pers and Löfstedt, 1986;  Kaissling et al, 1989 ; Akers and O'Connell, 1991) , beetles (Boeckh, 1962; Tommeras et al, 1984 ; De Jong and Visser, 1988) , and cockroaches (Sass, 1978; Selzer, 1984; Fujimura et al, 1991) , among others. In these latter organisms, (fig 1) , and the firing rate of individual sensory neurons can only be extracted using computationally-based spike-sorting techniques. Vareschi (1971) tried to overcome the difficulties in interpreting extracellular recordings from honey bee sensilla by: i) working primarily with drones rather than workers; and ii) using a so-called competitive adaptation technique (Boeckh et al, 1965) . This Getz, 1992, 1993 Akers and Getz, 1992) . Fur- ther, the geometric interpretation of the vectors z j suggests that the tuning distance between any 2 response units j and k can be characterized by the angle & t h e t a s ; between these 2 vectors (Getz and Chapman, 1987) (Akers and Getz, 1992 (Feller, 1966, ch (Wood et al, 1967; Klun et al, 1973; Linn et al, 1984) . The way an organism perceives the odor quality of blends may be very different from the way it perceives the quality of the component odorants (Derby and Ache, 1984; Getz and Smith, 1987 ; but see Rabin and Cain, 1989 (Akers and Getz, 1993 McBride, 1989) . For a single sensory neuron, however, when the response to &omega; 3 exceeded the response to &omega; 1 and &omega; 2 then, the above asumption was not satisfied and we concluded that we had some type of synergistic interaction. Similarly, when the response to &omega; 3 fell short of the responses to &omega; 1 and &omega; 2 then the above assumption was not satisfied and we concluded that we had some type of inhibitory interaction (Akers and Getz, 1993) .
We conducted studies of response to mixtures using 2 sets of 4 odorants, each at 2 different concentrations, a 2 &mu;g/&mu;l concentration (which we regarded as moderately weak) and a 60 &mu;g/&mu;l concentration (which we regarded as moderately strong) (Akers and Getz, 1993 (von Frisch, 1967) and honey bee aggregation pheromones (Free, 1987) ; ii) an octyl group comprising 1-octanol (1-ol), 2-octanol (2-ol), octanal (al), and 2-octanone (2-one), which are components of plant and floral odors. 1-Octanol is also known to be part of the alarm pheromone (Free, 1987 (Akers and Getz, 1993) . Specifically, the average component and non-component correlations for the 4 groups of odorants were respectively (see Akers and Getz (1993) , for individual values): 2 &mu;g/&mu;l aromatics: 0.16 and 0.14; 60 &mu;g/&mu;l aromatics: 0.22 and 0.11; 2 &mu;g/&mu;l octyl: 0.20 and 0.13; 60 &mu;g/&mu;l octyl: 0.22 and 0.11.
Considering these values, it is not surprising that our principal components analysis of the response of the subplacodes to the 11 stimuli did not indicate that the data could be represented reasonably well in a 4-dimensional space (Akers and Getz, 1993) in which the principal factors were the odorants themselves. In fact the only obvious grouping that emerged from the principal components analysis was that the greatest amount of variation was explained by ordering placodes along an axis that contrasted excitatory and inhibitory response to the stimuli (Akers and Getz, 1993 (1987) , and by Masson and Mustaparta (1990) ; see also Boeckh and Ernst (1987) and Fujimura et al (1991) (White et al, 1990 To help interpret these correlation results, consider the 2-dimensional example illustrated in figure 7 . In this example, the correlation between the responses of subplacode unit 1 and 2 to odorants A and B is positive in both cases. However &mdash; because subplacode unit 1 is excited by both odorants but more strongly by A than B, while subplacode unit 2 is inhibited by both odorants but more strongly by B than A &mdash; the whole placode exhibits a positive response to A and a negative response to B.
Thus the correlation between the response of the whole placode to both odorants A and B is negative. Since we already know, as discussed in the previous section, that the factor explaining most of the variation is one that categorizes placodes into those that are primarily excited by all the odorants and those that are primarily inhibited by all the odorants (Akers and Getz, 1993) (Getz, 1991; Getz and Page, 1991): &mdash;  individual olfactory sensory neurons respond at a level influenced by 2 factors: i) the average intensity (concentration); and ii) the average quality (ratio of component odorants) of a stimulus impinging over a short interval of time (sampling or sniff cycle; see Getz, 1991) (Getz, 1991 (Boeckh and Ernst, 1987; Kaissling, 1987; Mayer et al, 1987; Masson and Mustaparta, 1990; Fujimura et al, 1991 (Menzel, 1990 
